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Abstract Extensive liquefaction-induced damages caused by the 2011 off the Pacific coast of 
Tohoku Earthquake were observed in the Osaki plain, northern part of Miyagi Prefecture. A large 
number of sand boils were detected in the former river channels, natural levees and refilled gravel 
pits along the Eai and Naruse rivers. However, sand boils in the study area sparsely occurred rather 
than the Tone river lowland, Kanto Region. Many liquefaction damages such as uplift of 
underground structures, subsidence of road surfaces along the sewage line and settlement of 
ground around building were observed in the central area of Osaki City. This area is located in the 
back marsh and developed on the paddy fields since the 1970’s, and liquefaction damages tended 
to be observed in the back marsh (clayey or peaty ground) rather than on the natural levee (sandy 
ground). Significant damages of the sewage manholes were observed in the clayey or peaty 
ground. Settlement and tilt of house due to the liquefaction were observed at only a few sites.
Key words: liquefaction, landform classification, land history, The 2011 off the Pacific coast of 
Tohoku Earthquake, Osaki Plain
1. Introduction
The 2011 off the Pacific coast of Tohoku Earthquake (M=9.0) caused soil liquefaction over a 
wide area in eastern Japan. Liquefaction-induced damages such as tilt and subsidence of private 
houses, distortion of river levees and uplift of manholes occurred at numerous sites of the Kanto 
and Tohoku Regions. In the Kanto Region, extensive liquefaction damages concentrate along the 
Tokyo Bay area (Yasuda et al. 2012) and the lower reaches of Tone River (Senna 2012; 
Wakamatsu 2012; Aoyama et al. 2014). In addition to these areas, liquefaction were also observed 
in the lowland of Kinu, Kokai, Naka and Kuji rivers (Kanto Regional Development Bureau of 
Ministry of Land, Infrastructure, Transport and Tourism (KRDB) and Japanese Geotechnical 
Society (JGS) 2011; Koarai and Nakano 2013; Wakamatsu and Senna 2015).
Recurrence of liquefaction induced by the 2011 off the Pacific coast of Tohoku Earthquake at 
the same sites where liquefaction had occurred during the previous earthquake was reported 
(Wakamatsu 2012), and repeated liquefaction induced by the previous earthquake at the same sites 
has been reported by the previous studies (Yasuda and Tohno 1988; Wakamatsu 2011). Thus, 
mapping of liquefied sites and description of liquefaction damages are important to evaluate the
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potential areas of liquefaction induced by future earthquakes. Liquefaction damages in the Kanto 
Region have been reported (KRDB and JGS 2011; Senna et al. 2012; Wakamatsu 2012; Yasuda et 
al. 2012; Aoyama et al. 2014; Towhata et al. 2014). In the Tohoku Region, a number of the 
liquefied sites were identified (Yamaguchi et al. 2012; Wakamatsu and Senna 2014). Structural
damages due to the liquefaction in the Furukawa area, central area of Osaki City were reported
(Yamaguchi et al. 2012; Yoshida et al. 2012), and distortion of river levees induced by the 
liquefaction were observed and investigated at a number of the sites along the Eai, Shin-Eai and 
Naruse rivers in detail (Tohoku Regional Development Bureau, Ministry of Land, Infrastructure,
Transport and Tourism (TRDB) 2011; Yamaguchi et al. 2012). However, information on the 
liquefaction of the Tohoku Region is still insufficient. 
Thus, the present paper addresses the distribution of the liquefied sites and the 
liquefaction-induced damages in the Osaki plain, northern part of Miyagi Prefecture except for the 
liquefaction-induced damages of the river levees. In addition, geomorphological features and land 
history of the liquefied sites were investigated.
2. Study Area and Methods
The Osaki plain located on the northern part of Miyagi Prefecture, northeastern Japan (Fig. 1)
was formed by the fluvial processes of Eai and Naruse rivers (Hase 1967). Japan Meteorological 
Agency (JMA) seismic intensity about 6 (6+ or 6-) during the 2011 off the pacific coast of Tohoku 
Earthquake was observed in this area. 
Liquefied sites were detected by the field survey and interpretation of the Google Earth images. 
The identification of liquefaction was based on the existence of sand boils and structural damages 
such as a settlement and tilting of residential houses and uplift of manholes. A field survey in the 
study area was conducted from June 2011 to September 2012. Google Earth images were taken on
April 6, 2011. In this study, previous reports of the distortion of river levees (TRDB 2011;
Yamaguchi et al. 2012) were used.
Geomorphological features and land history of the liquefied sites were analyzed by using 
geomorphological classification maps and old edition maps made by the Geospatial Information 
Authority of Japan (GSI), aerial photographs and GIS (Arc GIS 10.3.1). In addition, land history 
of the liquefied sites was also investigated by the documents that records the changes of the river
channel of the Eai and Naruse rivers conducted for the river improvement work (e.g. Editorial 
committee of history of Nango Town 1985).
3. Liquefied Sites and Observed Damages
Many liquefied sites and liquefaction-induced damages were detected in the study area. Figure 
1 indicates the distribution of liquefied sites and liquefaction-induced damages in the study area.
Sand boils
The occurrence of sand boils were investigated by using the Google Earth images. Sand boils 
were observed at many sites of the farmland and high-water channel along the Naruse and Eai
rivers. Many sand boils and ground cracks were observed in the Kamamaki area, southeastern part
of Osaki City (Loc. 1). Subsidences and deformation of the road surface were also observed in this
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Fig. 1 Distribution of liquefaction-induced damages in the study area.
area. These liquefaction damages occurred on the natural levees along the Naruse River (Fig. 2).
Many sand boils and ground cracks were also observed in the Nigo area, southern part of 
Misato Town (Loc. 2). Subsidences and deformation of the road surface, differential settlement of 
the gravestone and lateral spreading of bank around the small pond were observed in this area (Fig. 
2b). These liquefaction damages occurred on the former river channels and natural levees along 
the Naruse River (Fig. 2). Land reclamations by filled up or drainage in these channels (meander 
channel) had been conducted before Taisyo era. Sand boils and ground cracks occurred at the 
former channel of the Matsuyama Shimoibano, southern part of Osaki City (Loc. 3). There are the 
gravel pits in this site in the first half of 1980’s, and then reclaimed with landfills. 
Many sand boils were observed in the Kamiyachi and Nakajima areas, western part of Wakuya 
Town (Loc. 4). Significant damages (settlement and cracking) of the levees along the Eai River 
were observed at these areas. These liquefaction damages in the Kamiyachi area occurred on the 
natural levee and the back marsh. Sand boils in the Nakajima area occurred on the former river 
channel. Land reclamations by filled up or drainage in this former channel (meander channel) had 
been also conducted before Taisyo era.
Sand boils were observed along the upstream area of the Naruse River (Tagawa River; Loc. 5), Eai 
River (Loc. 6), and the western margin of the Osaki plain (Locs. 7 and 8). The gravel pits were 
excavated since the latter half of the 1970’s, and then reclaimed with landfills at many of these
sites. In addition to these sites, sand boils were also observed at the southeastern part of the
Furukawa area (Loc. 9), located at the former river channel. 
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Fig. 2 Distribution of topography and liquefaction damages in the southeastern part of Osaki City.
(a) Distribution of topography and liquefaction damages. (b) Lateral spreading of small pond 
bank in the Nigo area. (c) Sand boils and ground cracks in the Kamamaki area (Google Earth).
Uplift of underground structures and subsidence of road surfaces along the sewage line
Uplift of manholes and underground tanks were observed at many sites around the Furukawa 
station, central area of Osaki City (Figs. 1 and 3). The amount of uplift of manholes and 
underground tanks was 5 to 10 cm at many of these sites. Maximum uplift of manholes in this area 
was about 90 cm (Yoshida et al. 2012). Subsidences and deformation of the road surface 
(pavement) were also observed near these damaged manholes. These damaged sites around the 
Furukawa station were developed on the paddy fields since the 1970’s in the peat land and back 
marsh (Fig. 3).
Subsidence of the road surface along the sewage line and uplift of manholes (Fig. 4) were 
observed in the Sanbongi Minamiyachi, southern part of Osaki City (Loc. 10). This area was 
developed on the paddy fields since the 1990’s in the back marsh. Significant manhole damages 
were observed in the Matsuyama Nagao area, southeastern part of Osaki City (Loc. 11). These 
manholes damages occurred at the foot of the hill slope neighboring the peat land (back marsh).
Maximum uplift of manholes in this area was 75 cm (Fig. 4). The uplifts of manholes were also 
observed at the eastern area of the Kogota station, Misato Town (Loc. 12). These manholes 
uplifted 5 to 10 cm. This damaged area was developed on the paddy fields since the 2000’s in the
back marsh.
 
Settlement of ground around building
Offset between an undamaged building and subsided ground were observed at many sites. The 
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Fig. 3 Distribution of topography and liquefaction damages in the central area of Osaki City.
(a) Distribution of topography and liquefaction damages. Liquefaction damages tended to 
be observed in the back marsh rather than on the natural levee. (b) Uplift of manholes near 
the Furukawa station. (c) Settlement and tilt of the apartment house.
 
Fig. 4 Liquefaction damages in the southern part of Osaki City.
(a) Subsidence of road surface along the sewage line and uplift of manholes
in the Sanbongi Minamiyachi (Loc. 10 in Fig. 1).
(b) Uplift of manholes in the Matsuyama Nagao (Loc. 11 in Fig. 1).
the Furukawa station (Fig. 3). These damaged sites were developed on the paddy fields since the 
1970’s in the back marsh (Fig. 3). Significant damages were observed at the Furukawa Higashi 
junior high school and the Furukawa gymnasium (Loc. 13; Fig. 3). The gap of about 20 to 40 cm 
between the building foundation and the subsided ground were observed at these sites. These 
damaged sites were developed on the paddy fields since the last stage of the 1970’s in the peat 
a
Loc. 13
Furukawa stationLoc. 14
back marsh
river channel
natural levee
high-water channel
former river channel
b
c
Sand boils
Uplift of underground structures
Settlement and tilt of heavy structures
Settlement of ground around building
Distortion of river levees
a b
- 37 -
6 
 
land. 
Settlement and tilt of house due to the liquefaction were seldom observed, although uplift of 
underground structures and settlement of ground around building occurred at many sites in this 
area. Settlement and tilt of the apartment house were observed near the Furukawa station in the 
back marsh (Loc. 14; Fig. 3). Sand boils were also observed at this site (Yamaguchi et al. 2012). 
4. Geomorphological Features and Land History of the Liquefied Sites
Many sites of sand boils were located on the former river channels of the Eai and Naruse rivers.
The abandoned meander river channels were filled by borrow materials and changed to the paddy 
filed. Generally, liquefaction resistance of soil increases with age, and the surface soil deposits 
consisting of young and loose materials were highly susceptible to liquefaction (Towhata et al.
2014). Thus, it seems that the occurrence of sand boils in these former channels were affected by 
these borrow materials. However, sand boils in these sites sparsely occurred rather than the former 
river channel of the Tone River, Kanto Region (Aoyama 2014). The areal extent of the former 
river channels filled by the borrow materials in the study area is narrower than those in the Tone 
River lowland. Additionally, reclaim of river channels in the study area were prior rather than 
those in the Tone River lowland. The former river channels in the Tone River lowland had been
filled mainly during the 1950’s to 1970’s (Wakamatsu 2012; Aoyama et al. 2014). On the other 
hand, a number of those areas in the study area had been filled before 1950’s. These disparities of 
land condition and history seem to affect the extents of the liquefaction. 
In addition to the former river channels, many sites of sand boils were also located at the 
refilled lot of gravel pits. These gravel pits in the study area were mostly buried by borrow 
materials since the 1980’s. Extensive liquefaction occurred at the refilled gravel pits in the Kamisu 
and Kashima Cities, Ibaraki Prefecture, which were refilled by sandy soils without any 
compaction since the 1970’s (Ishihara 2012; Tsukamoto et al. 2012; Aoyama and Koyama 2015). 
Thus, it seems that the occurrences of sand boils on these refilled lot of gravel pits in the study area 
were also affected by these refilled materials. 
Extensive damages of uplift of underground structures and settlement of ground around
building numerously occurred in the back marsh. In particular, several sewage manholes located 
on the peaty and clayey ground were uplifted more than 50 cm. On the other hand, these extensive 
damages were not observed on the natural levee. Severe damages of sewage manholes in the peaty 
ground were also observed after the previous earthquakes (Yasuda and Kiku 2006). Previous
studies revealed that the backfill sands of these sewage manholes and underground tanks were so 
loose that easy to liquefy (Koseki et al. 1997; Yasuda and Kiku 2006). In addition, low
permeability of clayey and peaty ground caused long duration of liquefaction of backfill sands in 
these ground (Yasuda and Kiku 2006). These knowledges suggest that uplift of underground 
structures and settlement of ground around building in the study area were also affected by
liquefaction of backfill materials of these structures.
5. Conclusions
Liquefaction-induced damages and their distribution caused by the 2011 off the Pacific coast 
of Tohoku Earthquake in the Osaki plain, northern part of Miyagi Prefecture are presented. In 
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addition, geomorphological features and land history of these liquefied sites were discussed.
Sand boils in the farmland and high-water channel, uplift of underground structures,
subsidence of road surfaces along the sewage line, settlement of ground around building and 
distortion of river levees were observed at many sites, although settlement and tilt of house due to 
the liquefaction were observed at only a few sites. Many sites of the occurrences of sand boils 
were located on the former river channels and the natural levees along the Eai and Naruse rivers. 
However, sand boils in the study area sparsely occurred rather than the similar setting in the Tone 
River lowland, Kanto Region. In addition to these geomorphological conditions, a number of sand 
boils were also observed at the refilled gravel pits. Numerous damages of uplifts of underground 
structures and settlement of ground around building were observed in the back marsh around the 
Furukawa station, central area of Osaki City. Liquefaction damages tended to be observed in the 
back marsh (clayey or peaty ground) rather than on the natural levee (sandy ground) in this area. 
Severe damages of sewage manholes occurred on the peaty ground. These damages may have 
occurred due to the liquefaction of backfill soils of these structures.
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